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Embryological features in Euchresta japonica, a species of the monotypic tribe 
Euchresteae, are described for the first time. Features in microsporogenesis are as 
follows: the anthers are tetrasporangiate; anther wall development corresponds to the 
dicotyledonous type; the tapetum is of the glandular type and uninucleate; the microspore 
tetrad is tetrahedral. Pollen grains are 2-celled at the time of shedding. These features are 
common with those generally found in Papilionoideae to date. Features in megasporogen- 
esis are as follows: the archesporium is one-celled and hypodermal; the ovule is 
bitegmic, campylotropous and crassinucellate; one megaspore mother cell forms a linear 
tetrad. Megagametogenesis is of the Polygonum type; the antipodals are very ephemeral 
and most of the polar nuclei are in contact with each other and fused before fertilization. 
These embryological features of Euchresta show that the tribe Euchresteae is distinct 
from related tribes Sophoreae and Thermopsideae and may suggest that it is an advanced 
tribe related to Sophora and Maackia. 
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Introduction 

Euchresteae (Leguminosae-Papilionoideae) 
is a monotypic tribe based on the genus 
Euchresta. It was established by Ohashi in 
1973. Euchresta is comprised of five species 
and is endemic to subtropical to warm temper¬ 
ate regions of eastern and southeastern Asia. 
The species are evergreen subshrubs or small 
shrubs up to 2 m high and have blackish purple 
ellipsoidal fleshy fruits. The fruit is covered 
with a membranous pericarp and contains one 
seed. There has been no agreement on the 
systematic relation of Euchresta to other 
genera (Bentham 1860, Ohashi and Sohma 
1970, Polhill 1981, Chen et al. 1992, Doyle et 
al. 1997). 

In order to clarify the systematic position of 
tribe Euchresteae, its embryological features, 
especially microsporogenesis, microgameto- 


genesis, megasporogenesis, and megagame¬ 
togenesis, were examined. Embryological stud¬ 
ies are often valuable in estimating relation¬ 
ships among taxa in higher rank above species 
even when their mature morphological fea¬ 
tures are remarkably different from each other, 
because they offer many comparable charac¬ 
teristics among those taxa at every develop¬ 
mental stage (e.g., Maheshwari 1963, 
Maheshwari and Kapil 1966, Palser 1975, 
Herr 1984, Tobe 1989). No embryological 
studies, however, have been made on 
Euchresteae. Prakash (1987) pointed out that 
the tribe is the one in need of embryological 
study in order to review legume embryology 
on the whole. 

In the present study, embryological fea¬ 
tures of Euchresta japonica are compared with 
those of some species belonging to Sophoreae 
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and Thermopsideae. Sophoreae (Ohashi and 
Sohma 1970, Polhill 1981, Chen et al. 1992, 
Doyle et al. 1997) and Thermopsideae (Chen 
et al. 1992, Doyle et al. 1997) are regarded as 
close to Euchresteae. Dalbergieae was also 
considered to be related to Euchresteae 
(Bentham 1860, Bentham and Hooker 1865, 
Hutchinson 1964), but was regarded to be not 
related (Ohashi 1973, Polhill 1981). This view 
was supported by Doyle et al. (1997), and, 
hence, Dalbergieae was not treated in this 
work. 

Materials and Methods 

Buds and flowers of Euchresta japonica 
Hook.f. ex Regel were collected at consecu¬ 
tive stages of development and fixed in FAA at 
Aki-shi in Kouchi Prefecture, Japan in 1995. 
The following materials were also collected in 
1995, mainly at the mature flowering stage: 
Cladrastis sikokiana (Makino) Makino 
(Sophoreae) wild in Ueno-mura in Gunma 
Prefecture, Japan, Sophora tomentosa L. 
(Sophoreae) wild in Chichi-jima, Ogasawara- 
mura in Tokyo Prefecture, Japan, and 
Styphnolobiumjaponicum (L.) Schott, Sophora 
flavescens Ait., Maackia amurensis Rupr. & 
Maxim, subsp. buergeri (Maxim.) Kitam. (all 
Sophoreae) and Thermopsis lupinoides (L.) 
Link (Thermopsideae) cultivated in Sendai- 
shi in Miyagi Prefecture, Japan. The voucher 
specimens are in TUS. 

All materials were dehydrated through a t- 
butyl alcohol series, embedded in paraffin, 
and sectioned at a thickness of 6-8 pm with a 
rotary microtome. The sections were stained 
with iron hematoxylin and fast-green (Sass 
1958) and mounted with Entellan. A total of 
175 ovules from 10 individuals of E. japonica 
at various stages of development, 240 from 
two individuals of C.sikokiana, 104 from one 
individual of Sty. japonicum, 81 from one 
individual of Sop. tomentosa, 147 from one 
individual of Sop. flavescens, 69 from one 


individual of M.amurensis, and 155 from eight 
individuals of T. lupinoides were observed with 
a light microscope. 

Observation 

1. Anther, microsporogenesis, and male 
gametophyte of Euchresta japonica 

The anther is tetrasporangiate and its wall 
consists of four cell layers, the epidermis, 
endothecium, middle layer and tapetum (Fig. 
1). This is referable to the dicotyledonous 
type (Davis 1966). During anther develop¬ 
ment, the middle layer is divided periclinally 
into two or three layers (Fig. 2). The tapetum 
consists of a single glandular layer and its cells 
are uninucleate (Fig. 3). When the pollen grains 
are mature the middle layers degenerate and 
the tapetum disappears (Fig. 4). The endothe- 
cial cells are irregular in shape (Fig. 5). The 
septum of the anther breaks down and shrinks, 
and the anther becomes bilocular. At anthesis 
the anther dehisces by two longitudinal slits 
(Fig. 6). 

Microspore mother cells are 10-15 pm in 
diameter and are easily distinguishable from 
the parietal cells by their larger size, more 
darkly stained cytoplasm, and larger nucleus 
(Figs. 1, 2). The microspore mother cells un¬ 
dergo meiosis (Fig. 7) and cytokinesis simul¬ 
taneously resulting in tetrahedral tetrads (Fig. 

8) . Each tetrad is enveloped by a callose mem¬ 
brane (Fig. 3), and then the microspores are 
separated each other (Fig. 4). 

Mature pollen grains are two-celled (Fig. 

9) . One of them has a smaller generative nu¬ 
cleus and the other has a larger vegetative 
nucleus. 

2. Morphology of the ovary and ovule of 
Euchresta japonica 

The ovary is monocarpellate, uniloculate, 
and it contains usually one, sometimes two 
ovules on the marginal placenta. Among 147 
flowers examined, 101 flowers had one ovule 
and 36 flowers had two ovules, while 10 flow- 
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ers had no ovules. 

The mature ovule is campylotropous and 
about 0.5 mm wide (Fig. 19). The ovule is 


bitegmic and curved toward the apex. The 
outer integument consists of seven to ten lay¬ 
ers of cells of which the size and shape are 
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almost uniform. The inner integument con¬ 
sists of two uniform layers of cells. The micro- 
pylar end of the integuments becomes thicker 
than other parts. The outer integument be¬ 
comes 10-13 layers of cells, while the inner 
integument increases to 5-6 layers. 

Vessel elements with a spiral thickening 
were observed from the funicular to the chalazal 
end of the outer integument. 

3. Megasporogenesis of Euchresta japonica 

The relationship between flower size and 
the number of ovules observed in our study is 
shown in Table 1 as indicating the stage of 
megasporogenesis. Megaspore mother cells 
were observed in flower buds of 3.5 to 4.5 mm 
long. The embryo sac including eight nuclei, 
which represents the Polygonum type arrange¬ 
ment, was actually observed in those of 5.5- 
5.7 mm long. Mature flowers with no anti¬ 
podal were about 12 mm long. Some ovules 
were nutrient or abnormal, in which the number 
of nuclei and their distribution pattern are 
different from normal ones. 

At the initiation of integuments an 
archesporial cell having a large nucleus ap¬ 
pears under the nucellar epidermis. It divides 
periclinally resulting in a parietal cell and a 
sporogenous cell (Fig. 10). Thus, the ovule is 
crassinucellate. In most cases a sporogenous 
cell is differentiated into one megaspore mother 
cell (Fig. 11), or rarely into two megaspore 
mother cells. 

The megaspore mother cell is seven to eight 
times as large as the surrounding cells, so it is 
easily recognizable. It elongates (Fig. 12) and 
undergoes meiosis resulting in a linear 


megaspore tetrad (Figs. 13, 14). Those three 
nearest the micropyle degenerate, and the only 
one nearest the chalazal end becomes larger 
and functional. Meiosis seems to progress 
rapidly because only three ovules out of 29 in 
the same size class contain megaspore tetrads 
though many megasporocytes and functional 
megaspores are observed (Table 1). 

4. Embryo sac formation of Euchrestajaponica 

The larger megaspore undergoes three nu¬ 
clear divisions (Figs. 15, 16) resulting in an 
eight-nucleate and seven-celled embryo sac of 
the Polygonum type. Antipodals are never 
observed in the mature embryo sac (Figs. 17, 
18, Table 1) and they are considered to be very 
ephemeral. No starch grains are observed in 
the embryo sac. 

The mature embryo sac elongates toward 
the chalazal end and its chalazal side reaches 
the bottom of the inner integument. The nucellar 
tissue which is adjacent to the embryo sac is 
vacuous. Two polar nuclei come into contact 
with each other (Fig. 18), and in most cases 
they fuse resulting in one large nucleus before 
fertilization. 

5. Comparison of ovular and embryo sac fea¬ 
tures among the species examined 

The mature ovule and embryo sac of 
Euchresta japonica are compared with those 
of two species of Sophora and one species 
each of Styphnolobium, Cladrastis, Maackia 
and Thermopsis, respectively (Fig. 19, Table 
2 ). 

Ovules of E. japonica and T. lupinoides are 
larger and more strongly curved than those of 
other species. The ovule of E. japonica is 


Figs. 1-9. Anther wall development and microsporogenesis of Euchresta japonica. 1. Locule of a very young anther 
at sporogenous stage. 2. Locule of an anther at sporogenous stage. 3. Anther wall at pollen tetrad stage. Tetrads are 
enveloped by callose membrane. 4. Degenerating tapetum and young pollen grains. 5. Mature anther wall and 2- 
celled mature pollen grains. 6. Anther at anthesis with 2 locules. 7. Meiosis in microsporocyte. 8. Cytokinesis in 
meiosis. 9.2-celled mature pollen grain. Abbreviations: cm, callose membrane; ep, epidermis; et, endothecium; gn, 
generative nucleus; me, microsporocyte; ml, middle layer; mp, mature pollen grains; mt, microspore tetrad; sep, 
degenerating septum; t, tapetum; vn, vegetative nucleus; yp, young pollen grains. Bars = 20 pm (1-5), 50 pm (6), 
and 10 pm (7-9). 



Table 1. Number of ovules in relation to flower size and developmental stages of megagametophyte in Euchresta japonica 


Flower size (cm) 

Developmental stages 

-2.5 

2.5-3.5 

3.5-4.5 

4.5-5.5 

5.5-6.5 

6.5-7.5 

7.5-8.5 

8.5-9.5 

9.5-10.5 

10.5-12 

Total 

archesporial cell 

12 

2 









14 

sporogenous cell 


9 









9 

megasporocyte 


8 

18 

1 







27 

elongated m.c. 



2 








2 

megaspore tetrad 



3 








3 

1 nucleus 




1 




1 


2 

4 

2 nuclei 



1 


1 

1 




1 

4 

4 nuclei 



2 

4 

3 




2 

1 . 

12 

8 nuclei 




1 







1 

3+2+3 




1 

5 

1 

1 




8 

3+2+X 




3 

5 

2 

1 

1 


3 

15 

3+2+0 




1 

6 

4 


1 

4 

13 

29 

3+1+X 








1 



1 

3+1+0 







2 

2 

1 

20 

25 

nutrient ovule 


3 

3 







10 

16 

abnormal embryo sac 








1 


4 

5 

Total 

12 

22 

29 

12 

20 

8 

4 

7 

7 

54 

175 


Abbreviations: m. c., megasporocyte. All of embryo sac have egg apparatus but the number of polar nuclei and antipodals are variable; for example, a formula, 3+2+3, 
indicates an embryo state with three nuclei of egg apparatus, two polar-nuclei, and three antipodals; X, uncertain number of antipodals. 
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Figs. 10-18. Megasporogenesis and megagametogenesis of Euchresta japonica. 10. Sporogenous cell at initiation 
of outer and inner integuments. 11. One large megasporocyte. 12. One elongated megasporocyte. 13-14. Two 
sections from the same ovule depicting linear tetrad. The cell nearest chalazal end becomes functional megaspore. 
Numbers 1,2,3 indicate degenerating cells. 15-16. Two sections from the same ovule depicting 4 nuclei after the 
second division. 17-18. Two sections from the same ovule depicting mature embryo sac. The flower size is 11 mm. 
17. Egg apparatus. 18. Fused polar nuclei. Abbreviations: dm, degenerating megaspore; dn, degenerating nucellar 
tissue; eg, egg cell; fm, functional megaspore; fn, fused polar nuclei; ii, inner integument; mo, megasporocyte; nep, 
nucellar epidermis; oi, outer integument; sg, sporogenous cell; sy, synergids. Bars = 20 pm. 
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globular and strongly curved at the chalazal 
end, while that of T. lupinoides is elliptical. 
The nucellus of E. japonica is somewhat par¬ 
allel to the ovary wall similar to that of other 
species, but its micropylar part is strongly 
curved toward the ovary wall. According to 
the classification of ovules by Bocquet and 
Bersier (1960), E.japonica is campylotropous; 
T. lupinoides is campylotropous to anatropous; 
Sop. flavescens and M. amurensis are 
amphitropous; C. sikokiana. Sty. japonicum 
and Sop. tomentosa are hemitropous. 

Most of ovules curve toward the apex of 
the ovary, but in Sty. japonicum some ovules 
curve toward the base. Sometimes the inner 
integument and nucellar tissue elongate and 
protrude out of the outer integument. Even in 
these cases normal embryo sacs are observed. 

Ovules which contain vessel elements with 
spiral thickenings are observed only in E. 
japonica and M. amurensis. 

It is common in all species examined that 
the inner integument consists of two layers of 
cells. On the other hand, the number of cell 
layers of the outer integument differs among 
species. The outer integument consists of 2-3 
layers in C. sikokiana, Sty. japonicum, Sop. 
flavescens and M. amurensis, of 4-5 layers in 
Sop. tomentosa and T. lupinoides, and of 7-10 
layers in E. japonica. In C. sikokiana and Sty. 
japonicum the cell wall of the outermost layer 
of the outer integument has fibrous thickenings. 

The micropylar end of the nucellus consists 
of 5 to 8 cell layers in C. sikokiana, Sty. 
japonicum and M. amurensis, while it is 2-4 
cell layers in other species. Sty. japonicum has 
the thickest micropylar nucellus. 

Megaspore tetrads are arranged in a linear 
pattern, in which the most chalazal megaspore 
is functional, in four species: C. sikokiana, Sty. 
japonicum, T. lupinoides and E. japonica. In 
T. lupinoides, however, T-shape pattern is also 
observed. 

The size of the embryo sac correlates with 
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that of the ovule (Fig. 19), that is, the larger 
embryo sac is included in the larger ovule. 
Starch grains are observed in the embryo sacs 
of Sty. japonicum and M. amurensis, which are 
frequently formed around the egg apparatus, 
polar nuclei and antipodals. 

Antipodals are so ephemeral in E. japonica 
that they degenerate soon after completion of 
the embryo sac. In C. sikokiana they also 
degenerate at the mature stage. In other spe¬ 
cies, on the other hand, they still remain in the 
mature embryo sacs. Polar nuclei are fused 
into one layer nucleus before fertilization in 
Sty. japonicum and M. amurensis, while they 
are fused into one or in contact with each other 
in C. sikokiana, T. lupinoides and E. japonica. 
They are in contact in Sop. tomentosa and Sop. 
flavescens. 

Discussion 

Embryological features in Euchresta 
japonica are summarized as follows. 

Anther tetrasporangiate; anther wall deve¬ 
lopment the dicotyledonous type; tapetum glan¬ 
dular and uninucleate; cytokinesis in meiosis 
successive; mature pollen two celled at the 
time of shedding. 

Ovule campylotropous, bitegmic and 
crassinucellate; outer integument seven to ten 
cell layers thick; vessel elements with spiral 
thickenings present; a single megaspore mother 
cell forms the linear tetrad of megaspores; 
chalazal megaspore developing into the 
Polygonum type embryo sac; three antipodals 
very ephemeral; starch grains absent in the 
embryo sac. 

Few variations are known in anther anatomy, 
microsporogenesis and microgametogenesis 
in the subfamily Papilionoideae (e.g., Prakash 
1987). In E. japonica anther wall develop¬ 
ment and microsporogenesis correspond to 
the general pattern reported so far in Papilio¬ 
noideae (e.g., Prakash 1987). 

Euchresta japonica has some peculiar ovu- 




Fig. 19. Comparison of ovules among seven species examined. A. Cladrastis sikokiana. B. 
Styphnolobiumjaponicum. C. Sophora tomentosa. D. Sophoraflavescens. E. Maackia amurensis. 
F. Thermopsis lupinoides. G. Euchresta japonica. 


lar features in comparison with the other spe¬ 
cies examined in this study, that is, extremely 
curved ovules and a thick outer integument. 
The shape and size of ovules are closely re¬ 
lated to the size of the ovary, number of ovules 
and the placentation (Eames 1961). One of the 
reasons that E. japonica has larger ovules is 
that a larger space is available for an ovule than 
other species because the ovary contains only 
one or two ovules (Table 2). 

There are some differences in ovular mor¬ 
phology among the species examined. In E. 
japonica all of the mature ovules are strongly 
curved, that is, they are campylotropous. In 
Sop.flavescens and T. lupinoides, on the other 
hand, the ovules change from campylotropous 
like that of E. japonica at younger stages to 
amphitropous at the mature stage. Kostrikova 
(1979) also found a change in ovular shape in 


Sop. flavescens, that is, ana-campylotropous 
to nearly hemitropous. From these observa¬ 
tions it may be considered that campylotropous 
in E. japonica may be a more primitive state 
than amphitropous in Sop. flavescens and T. 
lupinoides. 

Rembert (1971) recognized linear, T- 
shaped, isobilateral and triad as the patterns of 
the megaspore tetrad in Leguminosae and sug¬ 
gested the phylogeny of the tetrad pattern in 
Leguminosae. In the subfamilies Mimosoideae 
and Caesalpinioideae and the tribe Sophoreae 
in Papilionoideae only the linear pattern is 
observed and this is thought to be the ancestral 
state. In the present work three species have 
only this pattern. Euchresta japonica has a 
common megaspore tetrad pattern with the 
more primitive group. The linear pattern is 
recently reported in Dalbergia latifolia of the 




Table 2. Comparison of ovular characters among species examined 
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tribe Dalbergieae (Pandey et al. 1990), which 
is considered a primitive tribe of the subfamily 
Papilionoideae. 

Embryo sac development is of the 
Polygonum type in almost all the genera of 
Leguminosae, but behaviour of the antipodals 
is variable in genera and sometimes even within 
a species (Prakash 1987). In geneal the 
antipodals remain until fertilization in 
Caesalpinioideae and Mimosoideae but are 
ephemeral in more advanced groups than 
Sophoreae of Papilionoideae (Prakash 1987) 
(Table 3). The present study reveals that the 
antipodals of C. sikokiana and E. japonica are 
ephemeral as in advanced groups of 
Papilionoideae, while those of other species 
examined remain late in the mature embryo 
sac, as in Caesalpinioideae and Mimosoideae. 
There are no reports on the behaviour of 
antipodals in Dalbergieae. 

It has been suggested that Euchresta is 
closely related to Sophora (Ohashi and Sohma 
1970) or Maackia (Chen et al. 1992). The 
present study revealed E. japonica has com¬ 
mon features with Sophora in the thickness of 
pariental cells and the features of outermost 
layer of outer integument and nucellus at 
chalazal end, with M. amurensis in having 
small number of larger ovules with vessel 
elements, and with C. sikokiana in the feature 
of antipodals. However, because vessel ele¬ 
ments were observed in many genera of 
Leguminosae (Prakash 1987), vascularization 
may not always mean close relationships. 

Molecular systematic studies using the 
chloroplast-encoded rbcL gene showed that 
the tribe Sophoreae is polyphyletic (Doyle et 
al. 1997). Cladrastis and Styphnolobium are 
monophyletic and Maackia and Sophora are 
monophyletic. Euchresta is the sister taxon to 
the latter clade (Doyle et al. 1997). Our 
embryological data correspond to the results 
of the DNA analysis, that is, Sty. japonica is 
distinguishable from M. amurensis, Sop. 



Table 3. Comparison of ovular characters among species in Leguminosae 


Taxon 

No. of ovules 

Starch grains 
in embryo sac 

Antipodals 

Thickness of parietal 
cells 

Vascular 

tissue 

Authors 

Mimosoideae 



persist 



Prakash (1987) 

Caesalpinioideae 



persist 



Prakash (1987) 

Papilionoideae 







Adesmia securigerifolia 



persist 


+ 

Primavera et al. (1994) 

Cladrastis sikokiana 

10-14 

- 

ephemeral 

5 cells thick 

- 

present 

Crotalaria juncea 

10-16 


ephemeral 


- 

Samal (1936) 

Dalbergia latifolia 

1-4 

- 


1-2 cells thick 

+ 

Pandey et al. (1990) 

Euchresta japonica 

1-2 

- 

ephemeral 

2-3 cells thick 

+ 

present 

Glottidium vesicarium 


- 

ephemeral 

10-11 cells thick 


Prakash and Herr (1979) 

Glycine max 

1-4 

++ 

ephemeral 

1-2 cells thick 


Kennel and Homer (1985) 

Indigofera cordifolia 


+ 

ephemeral 



Pllaiah (1995) 

Lotus corniculatus 

44-72 

- 

ephemeral? 

1-2 cells thick 


Hansen (1953) 

Maackia amurensis 

4-6 

+ 

persist 

6 cells thick 

+ 

present 

Medicago sativa 

12-18 

++ 

ephemeral 



Martin (1914) 

Melilotus alba 

4-6 

- 

ephemeral 

1-2 cells thick 


Cooper (1933) 

Melilotus officinalis 

4-6 

- 

ephemeral 

1-2 cells thick 


Cooper (1933) 

Psoralea corylifolia 

1-2 


persist 


- 

Joshi (1938) 

Sophora flavescens 

10-13 

- 

persist 

3^1 cells thick 

- 

Kostrikova (1979), present 

Sophora tomentosa 

8-9 

- 

persist 

2-3 cells thick 

- 

present 

Styphnolobium japonicum 

11-14 


persist 

7-8 cells thick 

- 

present 

Thermopsis lupinoides 

13-15 

- 

persist 

2-3 cells thick 

- 

present 

Trifolium pratense 

1-3 

- 

ephemeral 

2-3 cells thick 


Martin (1914) 

Vicia americana 

12-18 

4- 

ephemeral 

1-2 cells thick 


Martin (1914) 

Wisteria floribunda 

1-11 

- 

ephemeral 

3-4 cells thick 


Ohmiya and Ohashi (1993) 
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flavescens and E. japonica in the features of 
ovule and outer integument. There is no simi¬ 
larity in the ovular characters between C. 
sikokiana and E. japonica except for the 
ephemeral antipodals. If we could suppose the 
ephemeral antipodals common to C. sikokiana 
and E. japonica may be the result of parallel 
evolution, Euchresta may be an advanced 
group related to Sophora and Maackia. 
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